












which permits  the ex‐ante assessment of dietary  recommendations  in multiple sustainability dimensions  (i.e., 
taste cost, welfare effect, deaths avoided, reductions in greenhouse gas emissions and acidification). It is applied 





of  overall  efficiency.  Moreover,  the  valuation  of  benefits  indicates  that  in  most  cases  health  benefits  are 
significantly  larger  than  environmental  benefits. Overall,  the  analysis  reveals  some  under‐investment  in  the 
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encourage  individuals  to adopt healthier diets and consume more  fruit and vegetables  (F&V)  (Cappacci and 














while  complying  with  a  whole  range  of  dietary  recommendations  which  target  health  and  environmental 
benefits. Education and  information campaigns and  food  labeling are  implemented  in order  to  induce  these 
dietary changes. However, a lot of research shows that the adoption of new diets by consumers are difficult for 







other  words,  the  difficulties  in  complying  with  new  food‐based  guidelines  are  likely  due  to  the  lack  of 
compatibility of consumers’ preferences with the diets that they would have to adopt in order to comply with 
these guidelines.  
An  important  issue  is  then  to  determine  sustainable  diets  complying  with  health  and  environmental 
recommendations  and  compatible,  as  much  as  possible,  with  consumer  preferences.  In  other  words,  the 
challenge  is  to  identify dietary  recommendations with  the potential  to  improve health and environment but 
generating the smallest “taste costs” for the consumers.  
 
A  first group of methods  to address  this  issue builds on  linear programming  (LP) models which are used  to 
estimate  least‐cost diets complying with a  list of dietary requirements  (Henson, 1991; Conforti and d’Amicis, 
2000).  Such  LP models have been  recently used by nutritionists  to determine optimal diets  complying with 
nutritional or environmental  recommendations  (Darmon et al., 2006; Maillot et al., 2010; Macdiarmid et al., 
2012; Darmon et al., 2002, 2003; Srinivasan et al., 2006; Shankar et al., 2008; Arnoult et al., 2010). These methods 











based  recommendations  can  only  be  assessed  ex‐post  rather  than  introduced  as  constraints  in  order  to 
determine the price modifications needed to comply with these constraints.  
 
To overcome  these  limits,  Irz et al.  (2015) have developed a new analytical  framework which builds on  the 
microeconomic theory of the consumer under rationing, with the goal of identifying diets compatible with both 
dietary recommendations and consumer preferences. This framework is built to estimate the substitutions, and 
overall  changes  in diet,  that would  take place  if  consumers  complied with  these  recommendations.  Such  a 
framework is used to assess the difficulty of achieving a given norm by identifying the magnitude and nature of 
the required substitutions in consumption. It also provides the basis for measuring the “taste cost” of complying 
with  a  particular  nutritional  dietary  norm,  which  can  then  be  used  in  conventional  cost‐benefit  analysis. 
Compared  to  the demand system analyses used  to assess  the effect of price variations on consumption and 












with  the environmental  issue, we estimate  the effects of  the diet  changes on environmental  indicators. By 
confronting the consumers’ taste costs and the health and environmental outputs, we finally proceed a cost‐
benefit analysis of dietary recommendations. 
In  section 2, we briefly present  the  theoretical model.  In  section 3, we present  the data  and  the empirical 
methods used to simulate the impact of various dietary recommendations on diets, welfare, environment and 



















chooses  the consumption of H goods  in quantities x=(x1,…xH)  to maximize a strictly  increasing, strictly quasi‐




















      (1) 
Solving the Hicksian Problem  ‐ The utility maximization problem under budget constraint and multiple  linear 
constraints  (1)  is  difficult  to  solve  directly  so  that,  following  Jackson  (1991), we  first  focus  on  its Hicksian 
counterpart. We denote  the  compensated  (Hicksian) demand  functions of  the non‐constrained problem by
),( Uphi , and  those of  the constrained model by  ),,,(
~ rAUphi , where A  is  the  (N x H) matrix of  technical 
coefficients, and r  the N‐vector of maximum levels of the constraints. We then introduce the notion of shadow 
prices p~ , defined as the prices that would have to prevail for the unconstrained individual to choose the same 
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where  0   is the N‐vector of Lagrange multipliers associated with the N dietary constraints in the expenditure 
minimization  problem,  and  P
 
 is  the  H‐vector  of  shadow  prices.  The  first  set  of  equations  (2a)  is  easily 
interpreted:  each  shadow  price  is  the  sum  of  the  actual  price  and  a  sum  of  terms  depending  on  the 




this  requires  the  introduction  of  some  notations.  We  first  partition  the  NxH  matrix  of  environmental  and 
nutritional coefficients A into a square matrix B and a residual matrix C as follows: 
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where  IN  denotes  the  NxN  identity  matrix,  and  S  is  the  familiar  HxH  matrix  of  Slutsky  coefficients  (i.e., 
/ij i js h p   ). The corresponding adjustments in Hicksian demands resulting from the same marginal change 
in the levels of the constraints follow immediately: 
.h h P PS
r r rP
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          (4) 
Expressions (3) and (4) fully characterize the dietary adjustments, in an Hicksian framework, as a function of two 
sets of parameters only: first, the Slutsky matrix S describes consumer preferences and measures the relative 
ease or difficulty of substituting  foods  for one another; and, second, matrix A   gathers  technical coefficients 
expressing  the properties of each  food  in the nutritional and environmental domains. Given that the Slutsky 
matrix  is typically estimated empirically  from observations on actual purchase behaviours, we claim that the 
model  is therefore based on realistic food preferences, unlike virtually all programming‐based models of diet 












dietary norms  at  the margin  (e.g., how his/her  consumption of  any  food would  respond  to,  for  instance,  a 
reduction in the maximum permissible level of CO2 equivalent emanating from his/her diet). 
From   Hicksian solution  to Marshallian solution  ‐ The Hicksian problem solved above  is a useful  theoretical 
construct but real‐world consumers operate under a budget constraint rather than a utility constraint, and policy 
simulations  of  the  effects  of  dietary  recommendations  therefore  require  calculation  of  the  associated 
Marshallian solution. In pursuit of that goal, we first calculate the short‐run private welfare cost1 of satisfying the 
constraints as measured by  the  compensating variation CV. By definition,  the  compensating variation  is  the 
difference between the initial expenditure (more generally the initial wealth) and the expenditure that maintains 








measure of the taste cost of the constraints.  We have ( , ) ( , , , )CV C p U C p U A r   , where the two C(.) 











        (5) 
Clearly, since the constrained solutions  h  belong to the choice set of the unconstrained problems,  . .p h p h  , 
and  the CV  is always negative.  In absolute value,  it  represents  the  increase  in  the  food budget necessary  to 
maintain  utility  constant  when  the  dietary  constraints  are  imposed,  or  in  other  words  the  level  of  the 
compensation that would make the consumer indifferent between his original diet and the diet satisfying the 
constraints. It follows that an approximate solution to the change in Marshallian demand  x can be calculated 




R CVx h h
p h
              (6) 
In this expression,  R  denotes the vector of income (or expenditure) elasticities, which is empirically estimable, 






the  consumer  does  not modify  her  valuation  of  short‐term  rewards  from  food  consumption  (e.g.,  hedonic 
rewards,  convenience).  Instead,  we  consider  that  information  affects  behaviours  through  changes  in  the 






The behavioural model presented  in  the previous  section  is  applied  to estimate  the  variation  in household 
consumption induced by the adoption of health‐based and environmentally‐based dietary recommendations for 
different  representative households of  the  French population.  In  a  second  step,  this  variation  in household 
consumption  is  translated  into  changes  in  individual  food  and nutrient  intakes. The health effects  are  then 











recommendations  justified  on  health  and/or  environmental  grounds,  as  well  as  previous  analyses  of  the 
















summary  measure  describing  how  much  global  warming  can  be  expected  from  consumption  of  that  diet. 
Translating  a  reduction  in  greenhouse  gas  emissions  into  food‐based  recommendations  usually  results  in 
prescriptions to reduce consumption of meat, most notably from ruminants.  We therefore consider two related 
scenarios  in the empirical analysis (namely, all meat and red meat). Altogether, this gives us a total of seven 



















On  the environmental  side, GHG emissions  (expressed  in grams of  carbon dioxide equivalent units), and air 
acidification (in grams of sulfur dioxide equivalent units) have been calculated in a French collaborative research 
project (Bertoluci et al., 2016). The estimates of environmental impacts include the results associated with each 
stage of  the production,  transformation, packaging, distribution, use,  and  end‐of‐life of  food products.  The 
method used  to  compute and  validate GHGE estimates of  foods  consumed  in France  combines a  Life Cycle 
Analysis  (LCA)‐based  approach  and  a  top‐down  Input‐Output  approach.  LCA  is  the most widely  recognized 
reference method to estimate environmental impact of food products. Its generic methodology and principles 


































This  iterative  process  ends when  the Marshallian  solution  calculated  in  step  3  satisfies  the  constraints  (as 
calculated in step 4). 
Health and environmental impacts ‐ Simulation of health effects first requires that changes in food consumption 




















times.  In  the  results  section, we provide  the median as well as  the 2.5 and 97.5 percentiles of DA  for each 
recommendation. 
The  environmental  indicators  are  calculated  by  applying  the  previously  mentioned  constant  LCA‐based 

























i.e.  assuming  that  the  consumer  complies with  the  exogenously  given  change  in  the  constraint  level(s).  In 
practice, however, behavioural change is difficult and requires public investment in social marketing campaigns 







taste  cost  as measured by  ‐CV  and  capturing  a  loss of hedonic  rewards)  and  the public  sector  (i.e,  cost of 
interventions  such  as  social  marketing  campaigns,  denoted  Cp).  The  cost  effectiveness  threshold  of  each 
recommendation  is  hence  calculated  as  p e hC B B CV   8,  giving  us  a means  of  comparing  the  relative 
efficiency of all the selected recommendations. 
The health benefit  is quantified by applying a monetary value to the  reduced mortality  figures calculated by 
DIETRON. The starting point of the valuation is the threshold value of a Quality Adjusted Life Year (QALY) that is 
applied in the UK to investigate the cost‐effectiveness of medical care (e.g., drugs, procedures). That threshold, 













commonly  used  in  economic  and  policy  analysis  (see  Treich,  2015,  for  a  review).  For  instance,  in  the 
transportation area, the VSL reported by Anderson et al. (2011) range from 1.8 million USD 2005 for New‐Zealand 
to 3.3 million USD 2005 for the United States, with the three represented EU countries using values in the order 




On  the  environmental  side,  valuing  the benefit of  reduced  externalities presents  its own  set of  challenges. 
Regarding climate change, the European Union has  initiated the world’s  largest carbon market, the Emission 
Trading Scheme  (ETS), but  it  is widely  regarded as dysfunctional  (Stratham, 2013). The carbon price on  that 
market peaked at €30/ton in 2008 but has shrunk as low as €4/ton in recent years, with this low price reflecting 
political failure and associated over‐allocation of permits rather than the real value of carbon (Drew, 2008). In 
addition, some of  the values used  in policy assessment may  ignore  the biggest  risks associated with climate 


















10 We note that this high value  is of the same order of magnitude as the highest tax currently  implemented  in the world 
(namely, 168USD/t  in Sweden, which  is equivalent  to €148/t –  see World Bank’s background notes on  the  carbon  tax 







in the  level of the constraint  is five percent of  its baseline  level, and the direction  is chosen so as to  increase 
dietary  quality  (i.e.,  to  reduce  the  maximum  permissible  level  of  relatively  unhealthy  nutrients/foods  and 
increase the minimum permissible level of relatively healthy ones) or to lower the environmental footprint of 
food consumption.  
Dietary  adjustments  and  their  impact  on  short‐run  welfare  ‐  We  start  with  the  impact  of  the  different 
recommendations on food consumption, focusing on the “lower average” income group of households (Table 
2). The decision to focus on this income group to report the first set of results is largely arbitrary, but the main 


















Considering the simulation results at a higher  level of product disaggregation  in Table 2, we note  that some 
complex  substitutions  also  occur within  product  groups.  For  instance, within  the  F&V  group,  the  all meat 





meat consumption takes  into account the changes  in consumption of  the  ‘meat’ category as well as the changes  in the 
consumption  of  the  other  food  categories,  which  contain  some  meat.  A  similar  mechanism  is  evident  with  the  F&V 
constraint: imposing a 5% increase in consumption of all F&V results in a 5.9% increase in the consumption of the ‘F&V’ food 

















The  results  relative  to  the  nutrient‐based  or  environment‐based  constraints  are  also  heterogeneous.  In 
particular, the constraint  imposed on CO2  leads to  large changes  in the diet. Changes at food group  level are 
generally  large (e.g all meats (‐8%), starchy food (‐12%), F&V (+9%), dairy products (‐5%)) and at the product 
category  level  they  are  even  larger.  Consumption  of  animal  products  are  negatively  affected whereas  F&V 
consumption is favored as well as the consumption of relatively energy dense foods such as salt‐fat products or 
beverages. On  the whole  the  consumer  decreases  consumption  of  products with  a  ‘high’  CO2  impact  and 
increases the consumption of products with a ‘low’ CO2 impact. Surprisingly given that those products have a 
rather  low  CO2  impact,  the  consumption  of  starchy  products  decreases.  This  is  the  result  in  the model  of 











































































The  environmental  impacts  of  the  simulated  dietary  changes  are  characterized  in  Table  5  in  terms  of  two 
indicators:  greenhouse  gas  emissions  (in  equivalent  CO2)  and  acidification  (in  equivalent  SO2).  With  the 
exception of  the  recommendations on SFA and added‐sugar, all  recommendations  lead  to a decrease  in  the 
environmental impact of the diet, and we also note that the relative reduction in SO2eq. is generally larger than 
that  in  CO2eq. 13  Hence,  while  our  analysis  reveals  overall  synergies  between  the  pursuits  of  health  and 
environmental goals (i.e., healthy eating recommendations tend to reduce the environmental footprint of food 
consumption), the results also indicate that those synergies do not occur systematically. Finally, as for the impact 
on  nutrient  intakes,  the  magnitudes  of  the  changes  in  environmental  indicators  vary  strongly  across 
recommendations. In particular, recommendations on red meat or ‘all meats’ result in relatively small changes 




and environmental effects of  the  seven  recommendations. First, DIETRON  is used  to aggregate  the complex 
nutritional adjustments previously discussed into a clear health outcome: the number of deaths avoided within 
























impact as measured by a  single  indicator  (Table 4).  In a  second  step we present  in Table 6  the global  cost‐
effectiveness measure as explained in section 3.  
The consumer cost per DA varies from €45k for red meat and sodium recommendations to €412 k for the CO2 





























ensuring  overall  cost‐effectiveness,  are  presented  in  Table  6.  Given  the  difficulties  in  valuing  health  and 







healthy  eating,  the  ex‐post  evaluation  of  Capacci  and  Mazzocchi  (2011)  found  an  8%  increase  in  F&V 
consumption following a three‐year  “five‐a‐day” campaign in the UK at a cost of less than £3 million (roughly 
€4million).   Hence,  even using  extremely  conservative parameters  to  value health benefits,  and  taking  into 
account the taste cost of dietary adjustment typically ignored in public health analysis, our analysis indicates that 






































Significant differences appear  in particular  for meat and animal‐based products, with  the  set of  coefficients 
derived from the literature giving higher per unit GHGE impacts. 
To  take  into  account  this  uncertainty  and  then  assess  the  robustness  of  our  results  in  relation  to  the 
environmental coefficients used, we simulated the impacts of the adoption of the seven dietary constraints using 
the second set of coefficients estimated on the basis of a literature review by Bertolucci et al. (2016). Note that 




In  the case of  the CO2  recommendation, modification of  the LCA coefficients has deeper consequences:  the 
dietary adjustments are modified because the GHGE coefficients of the food groups enter a constraint  in the 
consumer  program  (i.e.  the  recommendation).  As  meat  and  animal‐based  products  have  higher  impacts 
according to the second set of coefficients, a 5% reduction in GHGE emissions from the diet can be obtained with 
smaller  adjustments,  especially  a  lower  reduction  in  consumption  of  meat  and  other  animal  products 
consumption, leading to lower costs to consumers (460 versus 961M€) but also smaller impacts on health. Thus 
the number of deaths avoided by complying with the CO2 constraint now amounts to 1688 while it was estimated 
to 2331 when using  the  first set of LCA coefficients. The cost per DA  is  lower when using  the second set of 
coefficients (272 k€/DA as compared to 412 k€/DA) but remains very high. 
Obviously,  even  if  dietary  adjustments  remain  the  same  (except  for  the  CO2  recommendation) when  LCA 
























SFA  achieve  the highest  levels of  cost effectiveness. However,  for high economic  values of CO2,  the purely 
environmental recommendation targeting a 5% decrease in CO2 emissions reaches a comparable level of cost‐
effectiveness when the second set of LCA coefficients is used. In most cases, the health benefit from adjustments 





and  the  social  desirability  of  allocating  more  public  resources  to  the  promotion  of  sustainable  diet 









































and nutrients on  the basis of  consumption data, but estimated  changes  in diet quality  from  a database on 






framework  linking  explicitly  nutritional  and  environmental  recommendations  to  changes  in  consumers’ 
preferences, and hence integrating other dimensions than price and quantity into the consumer choice problem, 
remains  to  be  elaborated.  Finally  we  have  identified  limitations  of  our  study  in  relation  to  estimates  of 
environmental impacts of foods and tried to assess the robustness of our results by considering different sets of 
data. Despite these limitations, we have demonstrated the practicality of the approach by investigating how food 
































To complete  the cost‐benefit analysis, we estimated  the maximum amount  that could be  invested by public 
authorities  to  promote  a  given  recommendation  so  that  the  outcome would  remain  socially  desirable.  To 
compute this maximum amount, we reviewed monetary values of a statistical life (VSL) and of a Quality Adjusted 
Life  Year  (QALY)  in  public  health  literature,  and  social  costs  of  CO2  and  SO2  in  environmental  literature. 
Considering a range of plausible values, it turns out that: (i) informational measures focused on intakes of F&V, 
SFA,  sodium,  and,  to  some  extent,  added‐sugar,  provided  that  they  lead  to  at  least  a  5%  change  in  the 
consumption of the targeted food or nutrients, would be valuable investments, given their  impacts on health 
and/or environmental indicators; (ii) informational measures to promote a reduction of red meat or all meats 
consumption would be  valuable  investments only  for high  values of CO2 market prices  (much greater  than 
currently observed), although that result  is also sensitive to the valuation of DAs. The results concerning the 












labelling  regulation  and/or  educational  measures.  Hence,  Traill  (2012)  in  his  presidential  address  on  the 





industrialised countries  (Mazzocchi et al., 2007), even  in a country such as  the United States which  is at  the 
forefront of the “obesity epidemic” (Beatty et al., 2014). Further, when looking at broad trends over a long period 
of time, there is evidence of very large changes in dietary habits that, at least in some countries, are explained 
in  part  by  the  effect  of  public  interventions. 15  While  recognising  the  difficulty  of  identifying  the  causal 
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Fruits (g) 150 172 215 231 156 175 226 226
Vegetables (g) 169 193 200 193 170 182 196 186
Fibers (g) 18.4 19.1 19.8 20.7 15.1 15.6 17.1 16.9
Total Fat (% energy) 35.5 36.2 35.4 35.0 37.8 38.3 38.7 37.4
MUFA (% energy) 12.2 12.6 12.5 12.5 12.9 13.4 13.8 13.9
PUFA (% energy) 5.3 5.2 5.3 4.9 5.9 5.8 6.1 5.3
SFA (% energy) 13.8 14.3 13.6 13.5 14.8 14.9 14.5 14.1
Cholesterol (% energy) 0.14 0.14 0.13 0.14 0.14 0.14 0.14 0.14
Salt (g) 8.9 8.7 8.8 8.9 6.4 6.5 6.5 6.4
Energy (MJ) 10.2 10.4 10.5 10.7 7.7 7.8 7.9 7.8
Environmental indicators
eq. CO2 (g) 4552 4700 4700 4773 3492 3572 3671 3739









Red meat 0% -9.1% 1% 1.9% 3% -0.3% 0% 5.4% 14% -36.0% 90% -5.5% 23% -8.2%
Other meats 0% 6.2% 3% 4.6% 4% 14.1% 0% 4.4% 13% -8.7% 0% 0.7% 39% -6.4%
Cooked meats 0% -3.3% 19% -2.5% 9% -3.7% 0% -2.5% 8% 13.0% 0% 0.8% 32% -1.3%
All meats 0% -0.3% 23% 1.7% 17% 5.2% 1% 2.4% 35% -8.0% 90% -0.7% 94% -5.2%
Milk products 0% -4.3% 7% 3.0% 8% -5.5% 16% 0.2% 13% -7.0% 0% 0.7% 0% 3.3%
Cheeses, butters, fresh creams 0% -2.9% 15% -4.0% 44% -7.4% 0% -4.3% 10% 5.4% 0% 0.1% 0% 4.2%
Dairy pdts 0% -4.0% 21% 1.6% 52% -5.9% 16% -0.7% 23% -4.6% 0% 0.6% 0% 3.4%
Fish 0% 9.7% 4% 7.6% 1% 8.7% 0% 3.6% 4% 30.6% 0% 1.7% 0% 7.5%
Eggs 0% -7.6% 1% 4.9% 2% -16.0% 0% -1.3% 2% -16.1% 0% -0.8% 0% -3.3%
Animal pdts 0% -2.3% 29% 2.1% 19% -2.4% 1% 0.4% 40% -3.8% 90% 0.3% 94% 1.1%
Grains 0% -6.2% 13% -16.5% 1% -2.2% 1% -0.4% 2% -6.6% 0% -1.0% 0% -0.3%
Potatoes 0% -27.6% 1% -2.8% 1% 2.8% 0% -1.7% 1% -18.1% 0% -0.8% 0% -4.5%
Starchy food 0% -16.1% 15% -10.2% 2% 0.1% 1% -1.0% 3% -12.0% 0% -0.9% 0% -2.2%
Fruits - Fresh 41% -1.1% 0% 0.0% 0% -5.0% 0% 0.7% 3% 16.5% 0% 1.5% 0% 2.7%
Fruits - Processed 3% 27.0% 0% 2.2% 0% -31.0% 4% -4.7% 0% 20.0% 0% 0.2% 0% -3.2%
F&V juices 6% 4.0% 0% 3.8% 0% 4.6% 2% 11.2% 2% -0.8% 0% 0.8% 0% -0.3%
Vegetables - Fresh 33% 9.5% 3% 6.7% 0% 15.8% 0% -1.4% 4% 2.0% 0% -0.5% 0% -0.3%
Vegetables - Processed 10% 18.4% 5% -2.9% 0% 10.8% 0% 4.5% 2% -9.7% 0% 0.0% 0% -2.7%
Fruits - Dry 0% -6.0% 0% 12.0% 0% -5.1% 0% -15.9% 0% 54.2% 0% 1.4% 0% 11.7%
F&V * 93% 5.9% 8% 2.3% 1% 3.7% 7% 0.1% 11% 8.6% 0% 0.5% 0% 0.8%
Ready meals 4% -11.7% 9% -7.5% 4% -5.7% 1% -4.3% 6% -13.0% 10% -1.1% 6% -3.6%
Oil, margarine, condiments 0% 12.0% 4% 5.3% 9% -2.6% 0% 3.5% 1% -0.9% 0% 0.1% 0% -1.2%
Salt-fat products 0% -20.7% 7% -27.6% 1% -28.4% 0% 5.8% 1% 18.7% 0% 1.2% 0% 10.3%
Sugar-fat products 3% 2.1% 6% -0.7% 12% -5.9% 57% -4.0% 5% 2.6% 0% 0.1% 0% 0.3%
Soft drinks 0% -18.4% 0% -5.9% 0% 2.8% 15% -19.2% 1% 28.5% 0% 0.7% 0% 5.3%
Water 0% -20.0% 1% 1.6% 0% 9.7% 0% 6.3% 3% -4.8% 0% 1.8% 0% 10.0%
Alcoholic beverages 0% 12.9% 0% 1.3% 0% 4.8% 2% 1.9% 5% -1.1% 0% 0.3% 0% -0.4%








































Red meat 0.0% 0.8% 5.5% 0.0% 82.1% 3.8% 9.8%
Other meats 0.0% 1.2% 5.7% 0.1% 61.4% 0.0% 13.3%
Cooked meats 0.0% 8.6% 10.9% 0.2% 34.9% 0.0% 10.6%
Fish 0.0% 2.6% 1.4% 0.0% 25.9% 0.0% 0.0%
Eggs 0.0% 5.0% 20.4% 0.5% 66.0% 0.0% 0.0%
Grains -0.4% 23.1% 3.4% 2.3% 39.4% 0.0% 0.0%
Potatoes 0.0% 5.5% 19.5% 0.0% 54.9% 0.0% 0.0%
Fruits - fresh -34.7% 0.1% 0.3% 0.2% 23.6% 0.0% 0.0%
Fruits - processed -24.4% 0.1% 0.1% 33.8% 25.5% 0.0% 0.0%
F&V juices -16.5% 0.3% 0.4% 5.9% 45.4% 0.0% 0.0%
Vegetables - fresh -34.0% 3.0% 1.0% 0.0% 34.7% 0.0% 0.0%
Vegetables - processed -22.7% 9.9% 1.0% 0.4% 45.1% 0.0% 0.0%
Fruits - dry -6.5% 0.9% 6.1% 0.2% 11.0% 0.0% 0.0%
Milk products 0.0% 3.1% 10.8% 7.6% 59.9% 0.0% 0.0%
Cheeses, butters, fresh creams 0.0% 6.6% 54.4% 0.0% 44.6% 0.0% 0.0%
Ready meals -3.3% 6.6% 7.1% 0.4% 42.1% 0.5% 3.3%
Oil, margarine, condiments 0.0% 11.0% 64.2% 0.0% 35.9% 0.0% 0.0%
Salt-fat products 0.0% 28.7% 10.8% 1.1% 30.1% 0.0% 0.2%
Sugar-fat products -1.4% 2.3% 13.9% 24.6% 22.4% 0.0% 0.0%
Soft drinks 0.0% 0.5% 0.6% 41.5% 25.5% 0.0% 0.0%
Water 0.0% 1.4% 0.0% 0.0% 55.8% 0.0% 0.0%



























Consumers cost (M€) 466 128 288 152 961 10 76
% food budget 0.64% 0.17% 0.37% 0.20% 1.25% 0.01% 0.10%
DA 2 507 2 852 2 140 941 2 331 230 245
(95% confidence interval) (2174, 2844) (2424, 3293) (1761, 2514) (802, 1085) (1959, 2695) (192, 267) (183, 308)
% DA for DIETRON diseases 3.8% 4.3% 3.2% 1.4% 3.5% 0.3% 0.4%
Consumers cost per DA (K€) 186 45 135 162 412 45 311
(95% confidence interval) (164, 214) (39, 53) (115, 164) (140, 190) (357, 491) (39, 54) (248, 418)
 eq. CO2 (Kt) -1 574 -460 259 336 -2 985 -274 -513
(95% confidence interval) (-1861, -1310) (-600, -324) (71, 469) (163, 537) (-3857, -2303) (-396, -181) (-747, -322)
Consumers cost to decrease eq. CO2 (€/t) 296 279 322 38 149
(95% confidence interval) (250, 356) (213, 395) (249, 417) (26, 57) (102, 237)
 eq. SO2 (Kt) -27 -4 -3 4 -67 -7 -17
(95% confidence interval) (-32, -23) (-6, -2) (-6, 0) (1, 8) (-85, -53) (-10, -5) (-22, -14)
Consumers cost to decrease eq. SO2 (€/t) 17100 32417 104985 14347 1442 4376
















Fruits (g) 1.7% 0.5% -5.4% 0.9% 14.0% 1.1% 1.8%
Vegetables (g) 7.0% 2.6% 10.8% -1.1% -2.6% -0.5% -1.3%
Fibers (g) -2.3% -5.0% -0.2% -1.3% -0.9% -0.2% -0.3%
Total Fat (% energy) 1.4% 2.7% -1.0% -0.1% 1.2% 0.1% 0.1%
MUFA (% energy) 2.6% 3.6% -0.4% 0.6% 0.9% 0.1% -0.3%
PUFA (% energy) 4.7% 3.8% 0.0% 1.8% 2.8% 0.2% -0.1%
SFA (% energy) -0.4% 1.6% -2.3% -1.6% 1.5% 0.1% 0.9%
Cholesterol (% energy) -0.8% 3.7% -1.5% -0.3% -2.0% -0.1% -1.0%
Salt (g) -5.1% -7.7% -3.9% -1.2% -0.9% -0.2% 0.3%
Energy (MJ) -2.3% -3.8% -2.5% -1.3% -1.8% -0.2% -0.3%
Environmental indicators
eq. CO2 (g) -2.8% -0.8% 0.5% 0.6% -5.3% -0.5% -0.9%










DA (K€/DA) 240 240 1000 1000 240 240 1000 1000
eq. CO2 (€/t) 32 185 32 185 32 185 32 185
eq. SO2 (€/t) 238 238 238 238 238 238 238 238
Constraints Cost (M€)
F&V +5% 659 900 2 564 2 805 466 193 433 2 098 2 339
(95% confidence interval) (578 , 740) (807 , 996) (2231 , 2901) (2470 , 3146) (112 , 274) (341 , 530) (1765 , 2435) (2004 , 2680)
Na -5% 700 771 2 867 2 938 128 572 642 2 739 2 810
(idem) (598 , 806) (667 , 877) (2440 , 3309) (2512 , 3378) (470 , 678) (539 , 749) (2312 , 3180) (2384 , 3250)
SFA -5% 506 466 2 133 2 092 288 217 177 1 844 1 804
(idem) (417 , 594) (378 , 553) (1755 , 2504) (1722 , 2457) (128 , 305) (89 , 265) (1466 , 2215) (1433 , 2169)
Added sugar -5% 214 162 929 877 152 62 10 777 725
(idem) (180 , 249) (114 , 209) (790 , 1073) (736 , 1023) (28 , 97) (-38 , 57) (638 , 921) (584 , 871)
eq. CO2 -5% 672 1 128 2 444 2 903 961 -290 167 1 482 1 942
(idem) (577 , 765) (968 , 1318) (2070 , 2810) (2502 , 3305) (-384 , -196) (6 , 356) (1108 , 1848) (1541 , 2343)
Red meat -5% 66 108 240 283 10 55 97 230 272
(idem) (56 , 76) (87 , 133) (202 , 279) (239 , 328) (45 , 66) (76 , 123) (192 , 268) (228 , 318)
All meats -5% 80 158 266 345 76 3 82 190 269
(idem) (63 , 97) (119 , 205) (203 , 330) (272 , 422) (-13 , 21) (43 , 129) (127 , 253) (196 , 346)
Benefits (M€) Cp  Max Campaign (M€)
Valuation Parameters
DA (K€/DA) 240 240 1000 1000
eq. CO2 (€/t) 32 185 32 185
eq. SO2 (€/t) 238 238 238 238
Constraints
F&V +5% 91% 67% 98% 89%
(95% confidence interval) (89% , 93%) (62% , 72%) (97% , 98%) (87% , 91%)
Na -5% 98% 89% 99% 97%
(idem) (97% , 98%) (85% , 92%) (99% , 100%) (96% , 98%)
SFA -5% 102% 110% 100% 102%
(idem) (100% , 103%) (102% , 120%) (100% , 101%) (101% , 104%)
Added sugar -5% 106% 139% 101% 107%
(idem) (102% , 109%) (115% , 184%) (101% , 102%) (103% , 112%)
eq. CO2 -5% 83% 50% 95% 80%
(idem) (79% , 87%) (42% , 57%) (94% , 97%) (75% , 85%)
Red meat -5% 84% 51% 96% 81%
(idem) (78% , 89%) (42% , 62%) (94% , 97%) (75% , 87%)
All meats -5% 74% 37% 92% 71%
(idem) (65% , 82%) (27% , 50%) (88% , 95%) (61% , 81%)




































COEFF 1 -1 574 -460 259 336 -2 985 -274 -513
COEFF 2 -2 081 -576 -263 532 -3 656 -517 -703
 eq. CO2 (Kt)
COEFF 1 COEFF 2 COEFF 1 COEFF 2 COEFF 1 COEFF 2
F&V +5% 659 675 193 209 91% 89%
Na -5% 700 704 572 576 98% 97%
SFA -5% 506 523 217 234 102% 98%
Added sugar -5% 214 207 62 55 106% 109%
eq. CO2 -5% 672 533 -290 73 83% 76%
Red meat -5% 66 74 55 63 84% 75%
All meats -5% 80 86 3 9 74% 69%
Max campaign
Shares of total benefit 













Red meat 0% -17.3% 1% 1.9% 3% -0.4% 0% 4.8% 13% -38.4% 88% -5.6% 21% -8.6%
Other meats 0% 13.0% 2% 4.9% 4% 14.5% 0% 4.0% 12% -8.7% 0% 0.7% 38% -6.4%
Cooked meats 0% -6.5% 18% -2.2% 8% -3.1% 0% -1.7% 8% 13.4% 0% 0.8% 34% -1.4%
All meats 0% -0.1% 22% 1.8% 15% 5.4% 1% 2.3% 33% -7.7% 88% -0.6% 93% -5.2%
Milk products 0% -8.1% 7% 2.9% 9% -4.4% 15% 0.3% 14% -8.0% 0% 0.6% 0% 3.1%
Cheeses, butters, fresh creams 0% -5.5% 15% -3.7% 43% -7.4% 0% -2.9% 10% 5.3% 0% 0.1% 0% 4.1%
Dairy pdts 0% -7.6% 21% 1.7% 52% -5.0% 15% -0.3% 24% -5.5% 0% 0.5% 0% 3.3%
Fish 0% 24.0% 3% 8.4% 1% 8.7% 0% 3.3% 3% 34.2% 0% 1.7% 0% 7.9%
Eggs 0% -14.2% 1% 4.9% 2% -14.8% 0% -0.6% 2% -16.9% 0% -0.8% 0% -3.3%
Animal pdts 0% -4.3% 27% 2.2% 18% -2.0% 1% 0.5% 38% -4.4% 88% 0.2% 93% 1.2%
Grains 0% -11.1% 15% -16.1% 1% -0.6% 1% 0.3% 3% -6.2% 0% -0.8% 0% 0.0%
Potatoes 0% -46.7% 1% -2.6% 1% 3.3% 0% -1.2% 1% -18.9% 0% -0.8% 0% -4.7%
Starchy food 0% -26.8% 16% -10.1% 2% 1.1% 1% -0.4% 4% -11.8% 0% -0.8% 0% -2.1%
Fruits - Fresh 40% -6.8% 0% 0.0% 0% -5.3% 0% 0.8% 3% 17.4% 0% 1.5% 0% 2.6%
Fruits - Processed 3% 51.2% 0% 2.4% 0% -29.0% 4% -3.9% 0% 20.5% 0% 0.1% 0% -3.3%
F&V juices 7% 4.6% 0% 4.0% 0% 4.7% 2% 9.6% 2% -0.9% 0% 0.8% 0% -0.4%
Vegetables - Fresh 31% 10.6% 3% 7.7% 0% 16.3% 0% -1.3% 3% 2.0% 0% -0.6% 0% -0.9%
Vegetables - Processed 11% 33.1% 5% -3.0% 0% 10.6% 0% 4.0% 2% -9.7% 0% 0.0% 0% -2.3%
Fruits - Dry 0% -12.0% 0% 12.4% 0% -4.6% 0% -13.3% 0% 58.9% 0% 1.4% 0% 12.0%
F&V * 92% 6.4% 8% 2.5% 1% 3.8% 6% 0.2% 11% 8.7% 0% 0.5% 0% 0.6%
Ready meals 5% -21.6% 10% -7.0% 4% -4.5% 1% -2.8% 6% -13.0% 12% -1.0% 7% -3.6%
Oil, margarine, condiments 0% 19.4% 4% 4.2% 9% -5.6% 0% 3.3% 2% -0.7% 0% 0.1% 0% -0.9%
Salt-fat products 0% -33.0% 7% -26.5% 1% -25.0% 0% 4.9% 1% 18.4% 0% 1.1% 0% 9.6%
Sugar-fat products 3% 2.2% 6% -0.3% 13% -4.9% 58% -4.1% 6% 3.8% 0% 0.1% 0% 0.5%
Soft drinks 0% -28.0% 0% -4.0% 0% 4.1% 16% -17.1% 1% 26.2% 0% 0.6% 0% 4.8%
Water 0% -36.1% 1% 1.6% 0% 9.5% 0% 5.8% 3% -4.2% 0% 1.9% 0% 11.0%
Alcoholic beverages 0% 33.4% 0% 1.1% 0% 4.2% 2% 1.8% 5% -3.1% 0% 0.3% 0% -1.0%























Red meat 0% -6.4% 1% 1.7% 3% -0.9% 0% 6.8% 14% -36.6% 89% -5.5% 23% -8.3%
Other meats 0% 4.0% 3% 4.5% 4% 13.7% 0% 5.4% 13% -8.9% 0% 0.7% 39% -6.4%
Cooked meats 0% -2.4% 19% -2.5% 9% -4.3% 0% -4.3% 7% 13.2% 0% 0.8% 32% -1.1%
All meats 0% -0.4% 23% 1.7% 16% 4.7% 1% 2.7% 34% -8.4% 89% -0.7% 93% -5.2%
Milk products 0% -3.2% 6% 3.0% 8% -6.4% 16% -0.1% 12% -6.9% 0% 0.7% 0% 3.1%
Cheeses, butters, fresh creams 0% -2.2% 15% -4.3% 45% -7.2% 0% -6.6% 10% 5.1% 0% 0.1% 0% 4.0%
Dairy pdts 0% -3.0% 21% 1.5% 53% -6.6% 16% -1.4% 22% -4.5% 0% 0.6% 0% 3.3%
Fish 0% 4.6% 4% 6.7% 1% 8.1% 0% 4.5% 4% 27.8% 0% 1.5% 0% 6.8%
Eggs 0% -5.4% 1% 4.8% 2% -16.4% 0% -2.4% 2% -16.6% 0% -0.9% 0% -3.5%
Animal pdts 0% -1.8% 29% 2.0% 19% -2.8% 1% 0.1% 40% -3.6% 89% 0.2% 93% 1.0%
Grains 0% -4.6% 13% -16.9% 1% -3.5% 1% -1.2% 2% -7.7% 0% -1.1% 0% -0.7%
Potatoes 0% -19.5% 1% -3.0% 2% 2.4% 0% -2.7% 1% -18.7% 0% -0.8% 0% -4.7%
Starchy food 0% -12.2% 14% -9.8% 2% -0.5% 1% -2.0% 3% -13.3% 0% -1.0% 0% -2.7%
Fruits - Fresh 42% 2.1% 0% 0.3% 0% -3.7% 0% 0.9% 4% 15.6% 0% 1.3% 0% 2.5%
Fruits - Processed 2% 17.4% 0% 1.9% 0% -33.0% 4% -5.1% 0% 20.0% 0% 0.1% 0% -3.7%
F&V juices 5% 2.5% 0% 3.6% 0% 3.9% 3% 15.0% 2% -1.2% 0% 0.8% 0% -0.5%
Vegetables - Fresh 36% 8.3% 4% 5.7% 0% 14.0% 0% -1.5% 5% 1.7% 0% -0.4% 0% 0.0%
Vegetables - Processed 8% 11.8% 4% -2.9% 0% 10.2% 0% 5.7% 2% -10.9% 0% -0.1% 0% -3.4%
Fruits - Dry 0% -3.4% 0% 10.2% 0% -3.8% 0% -16.9% 0% 48.4% 0% 1.2% 0% 9.8%
F&V * 94% 5.7% 9% 2.3% 1% 3.9% 7% 0.1% 13% 8.2% 0% 0.5% 0% 0.9%
Ready meals 4% -8.1% 9% -7.9% 4% -6.4% 1% -6.3% 6% -13.8% 10% -1.1% 6% -3.8%
Oil, margarine, condiments 0% 8.4% 4% 6.0% 9% -0.4% 0% 4.2% 1% -1.6% 0% 0.1% 0% -1.6%
Salt-fat products 0% -15.0% 7% -28.1% 1% -29.4% 0% 7.9% 1% 18.8% 0% 1.2% 0% 10.4%
Sugar-fat products 2% 1.5% 5% -1.2% 11% -6.6% 57% -3.8% 5% 0.9% 0% 0.1% 0% -0.1%
Soft drinks 0% -14.7% 0% -8.0% 0% 0.8% 13% -22.7% 1% 32.1% 0% 0.8% 0% 5.6%
Water 0% -13.6% 1% 1.5% 0% 9.1% 0% 7.9% 3% -5.5% 0% 1.7% 0% 9.4%
Alcoholic beverages 0% 6.5% 0% 1.4% 0% 4.9% 3% 2.1% 6% 0.0% 0% 0.3% 0% -0.2%
















Red meat 0% -5.4% 2% 1.5% 4% -1.5% 0% 12.2% 14% -36.6% 89% -5.5% 24% -8.7%
Other meats 0% 3.5% 3% 4.5% 4% 14.2% 0% 8.7% 12% -8.6% 0% 0.7% 38% -6.4%
Cooked meats 0% -1.9% 18% -2.5% 8% -5.1% 0% -10.2% 7% 13.4% 0% 0.9% 30% -0.6%
All meats 0% -0.3% 22% 1.7% 16% 4.5% 1% 3.8% 33% -8.8% 89% -0.7% 93% -5.2%
Milk products 0% -2.6% 6% 3.0% 8% -7.3% 16% -1.9% 11% -6.6% 0% 0.7% 0% 3.1%
Cheeses, butters, fresh creams 0% -2.0% 16% -4.4% 46% -7.4% 0% -12.8% 10% 4.7% 0% 0.1% 0% 4.0%
Dairy pdts 0% -2.5% 22% 1.4% 54% -7.3% 16% -4.3% 21% -4.1% 0% 0.6% 0% 3.3%
Fish 0% 2.4% 5% 5.9% 1% 7.6% 0% 7.6% 5% 24.5% 0% 1.3% 0% 6.3%
Eggs 0% -4.5% 1% 5.0% 2% -17.3% 0% -6.6% 2% -16.7% 0% -0.9% 0% -4.1%
Animal pdts 0% -1.6% 29% 2.0% 19% -3.2% 1% -1.2% 39% -3.4% 89% 0.2% 93% 1.0%
Grains 0% -3.9% 12% -17.0% 1% -4.6% 1% -3.3% 2% -8.4% 0% -1.2% 0% -1.1%
Potatoes 0% -17.0% 1% -3.3% 1% 3.2% 0% -6.3% 1% -19.4% 0% -0.9% 0% -5.7%
Starchy food 0% -10.2% 13% -10.3% 2% -0.8% 1% -4.8% 3% -13.7% 0% -1.1% 0% -3.3%
Fruits - Fresh 46% 4.1% 0% 0.7% 0% -2.3% 0% 1.4% 4% 14.2% 0% 1.1% 0% 2.5%
Fruits - Processed 2% 13.2% 0% 1.7% 0% -34.5% 4% -6.6% 0% 19.6% 0% 0.2% 0% -4.2%
F&V juices 5% 1.9% 0% 3.5% 0% 3.4% 3% 26.1% 2% -1.6% 0% 0.8% 0% -0.6%
Vegetables - Fresh 35% 7.1% 5% 5.1% 1% 13.1% 0% -2.9% 5% 1.4% 0% -0.3% 0% 0.0%
Vegetables - Processed 6% 8.7% 4% -2.5% 0% 10.0% 0% 10.1% 2% -11.9% 0% -0.1% 0% -4.6%
Fruits - Dry 1% -2.3% 0% 8.5% 0% -3.1% 0% -23.6% 0% 41.8% 0% 1.0% 0% 8.5%
F&V * 94% 5.7% 9% 2.2% 1% 3.8% 8% 0.0% 13% 7.8% 0% 0.5% 0% 1.0%
Ready meals 4% -6.2% 11% -7.7% 4% -6.4% 1% -11.2% 6% -13.3% 11% -1.1% 7% -3.9%
Oil, margarine, condiments 0% 7.4% 4% 7.4% 8% 3.8% 0% 6.9% 1% -2.4% 0% 0.0% 0% -2.3%
Salt-fat products 0% -12.5% 7% -28.3% 1% -30.6% 0% 16.0% 1% 18.2% 0% 1.3% 0% 10.7%
Sugar-fat products 2% 1.5% 5% -1.6% 10% -7.4% 57% -3.1% 4% -1.1% 0% 0.1% 0% -0.6%
Soft drinks 0% -14.2% 0% -11.0% 0% -1.8% 12% -29.3% 1% 37.7% 0% 0.9% 0% 6.5%
Water 0% -10.8% 1% 1.3% 0% 8.5% 0% 13.7% 3% -6.0% 0% 1.6% 0% 9.2%
Alcoholic beverages 0% 3.5% 0% 1.6% 0% 5.0% 4% 3.4% 7% 1.3% 0% 0.3% 0% 0.1%


























Data / food groups
Computed for the French 
case *
Based on the literature 
review*
Red meat 1549 2607
Other meats 852 653
Cooked meats 606 815
All meats 967 1247
Milk products 163 196
Cheeses, butters, fresh creams 536 863
Dairy pdts 247 346
Fish 591 358
Eggs 367 473
Animal pdts 504 633
Grains 123 136
Potatoes 99 42
Starchy food 117 113
Fruits - Fresh 90 148
Fruits - Processed 120 161
F&V juices 91 161
Vegetables - Fresh 128 182
Vegetables - Processed 222 158
Fruits - Dry 186 362
F&V 118 166
Ready meals 427 435
Oil, margarine, condiments 181 270
Salt-fat products 150 257
Sugar-fat products 244 244
Soft drinks 52 36
Water (bottled, tap, hot drinks) 19 21
Alcoholic beverages 166 241
* in g eq.CO2 / 100g intake
LCA coefficients of food groups (Bertolucci et al. 2016)
